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0 Three-dlmenstonal ultrasonic scanner* 

© Three-dimensional ultrasonic scanner for acquir- 
ing data within an area of a IMng body to be 
examined comprises an array transducer unit (30), 
composed of a plurality of transducer etements (303) 
an'anged in line one after another insida a scanner 
case (22). The electronic scanning of this array tran- 
sducer produces a two-dimensional scanning plane. 
In addition, a svnnging mechanism {38,40,42) is pno- 
vlded for mechanically oscillating the transducer unit 
In a direction nomia! to the orientation of the array of 
transducer elements, thereby forming a three-dimen- 
sional data acquisition area within the Gving body. 
IhQ swing angle of the transducer unli (30) Is de- 
tected by an angle detector (44). 
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THR^-DIII/lENSrONAL ULTBASONIC SCANNER 



BACKGROUND OF THE INVENTION 
ReM of thB Invention; 

Th$ present invention relates to an uitra3cmfc 
scanner for transmittin^receivlng ultrasonic beams 
andp more partlcutarly, to an uHrasottic scanner 
capable of acquiring three-dimensional data con- 
cerning objects within a living bod/ to be examined 
fbr a threeHdimensfon&l medical diagnosis use. 

Description of the Related Arts: 



10 



In the medical field, the technique of ultrasonic 
diagnosis has been widely utilized. Such a medical 
diagnosis is performed by the use of an uttntsonic i5 
diagnostic apparatus composed of a mainframe of 
an ultrasonic diagnostic apparatus and a scanner 
incliiding an an^y transducer. In practice, the di- 
agnostic apparatus transmits ultrasonic beams and 
receives reftected echoes from objects in the living 20 
body by means of an ultrasonic scanner being in 
contact with a sWn of the body, and thus acquired 
echo data ard analyzed and proceesed by the 
mainframe of the diagnostic apparatus, so that the 
information of cross-sectional layer image and 2s 
blood ftov/ veFocity, etc., are visually displayed In 
the ibrm of a dynamic Image* 

Prior to desc^bing in detail the structure of the 
ultrasonic scanner according to this invention, an 
explanation of a conventionally used convex type so 
seiner vnlt t^e made with reference to Fig. 1 . 

In accordance with trts conventional ultrasonic 
scanner denized with a numeral 10, an array trans- 
ducer 12 disposed Inside of a convex-shaped end 
portion of the scanner effects the iransmlssion and 3S 
reception of an ultrasonic beam. As is apparent 
from the dravdng, tills array transducei' 12 is com- 
posed of a plurality of transducer elements 12a 
arranged along the end surface of the convex^ 
Shaped scanner 10^ ^ 

At the curved end surface of the scanner 10 is 
disposed an acoustic Tens 14 fbr focusing uHra^ 
sonic beam, and a matching layer 16 for matching 
acoustic impedance is disposed between me 
acoustSc lens 14 and the anay transducer 12. in -^5 
addition, a backing layer 18 ie disposed behind of 
^8 array transducer 12 for absort3fng unnecessary 
ultrasonic waves. 

With such a structure, tlie application of a cbivo 
signal to each transducer element 12e causes the so 
ultrasonic Joem to be transmitted in a direction 
normal to the upper surface of the element l2d. 
With ^9 result, it becomes posa^ble to acquire 
data concerning a furv^haped fwchdimenslondl 
area. 
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However, in accordance with the conventional 
idtFasonic scanner, it is hard to obtain Information ' 
other than echo data concerning a two-dlmeneiona! 
area with the scanner stationary. To ob^rvo an 
affected organ witiiln a living body three-dimen- 
sionallyp it is necessary to intentionally move the 
position, or incline the angle, of the scanner by a 
manual operation. 

When the scanner is moved or inclined by 
manual operation, it is highly difficult to observe 
the larget organ at the optimum position and with 
the opMum angle, and also the data acquisition is 
disadvantageously disturbed. For such a reason, 
ttiere has been a demand in a medical service field 
for an ultrasonic scanner capable of securely and 
accurate acquiring echo data concerning a three- 
dimensional area within the Ovfng body, 

Further, accenting to advances in image pro- 
cessing techniques, it is now proceeding the devel- 
opment of an apparatus for visually and three- 
dimensionaliy displaying an image of an target in a 
thre&iJimensionally specified area within the living 
body. Even in the development of such apparatus, 
there has been expected the introduction of the 
ultrasonic scanner capable of acquiring three-di- 
mensional infonmation of the echo data. 

This invention aims » solve foregoing 
drawbacks with the prior arts, and the object of the 
invention is to provide a three-dimension^ ultra- 
sonic scanner which is capable of acquiring data 
concerning a three-dimensional area within the 
body t)y specifying a position in three dimension 
without incHning the angle, or moving the poeition, 
of the scanner manually and Intenfionaliy. 

SUMMARY OF THE INVEffTION 

To this end. according to one aspect of the 
present Invention, there is provided a fhree^imen" 
sional ultrasonic scann^ oomprisingt a transducer 
unit including an array transducer at the wd per- 
son thereof; a swing mechanism for swinging the 
transducer unit; and an angle detedor for detecting 
a sv/ing angle of the transducer unit 

With this stmcture. the transducer unit is 
swung in a dlrectiwi normal to a direction In which 
a plurality of transducer elemer^ are an'anged, 
and the angle formed by ti^ swing operation is 
concunwrtly detected by the angle detector. 

In consequence, since the data 8K?qiff$ition can 
be realized in a thrw-cRmenslonal area by me- 
chantcalty swinging the two-dln^nsioroi data ao- 
quIsHion plare constituted by the scanning of ti» 
aJTay trarisduoer, accurate and stable data aoqu^ 
tion can be realized independent of any manual 
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and Intentional operation. 

As another advantage of the invention is ttiat 
since the three-dimensional position the echo 
data Is determined by an address d the transducer 
element to be driven end the swing angle, it be- 
comes possible to supply ^he mainframe of the 
ultrasonic diagnostic apparatus wHh information as 
to the swing angle indispensable for executing the 
processing of three-dimensional Images. 

Further advantage of this invention is that it is 
possible to propagate acoustic energy between (he 
transducer unit and the skin surface of the living 
body without passing through air by providing the 
medium bath wHhin the scanner case. 

The foregoing objecti features and advantages 
of the invention will be 'apparent from the following 
description of preferred embodiments of the inven- 
tion, as illustrated In the accompanying drawlngs- 

BRIEF DESCRIPTION OF THE ACCOMPANYING 
DFtAWINGS 

Fig. 1 is a partially broken away perspective 
view of a conventional three-dimensional scanner; 

Rg. 2 is a front sectional view of the three- 
dimensional scanner in accordance with one pre- 
ferred embodiment of the invention: 

Fig. 3 is a secHmal view of the scanner shown 
in Rg. a taken along a dash-and-one-dot line llhiir 
shown therein; 

Rg. 4 Is a schematJc perspective view illustrat- 
ing specifically the three^imenslonal data acqulsl- 
tron area as "V"; 

Rg. 5 id a partially cutaway enlarged view of a 
scanner including the multiple reflection of ultra- 
sonic waves; 

Rg. 6 Is a partially cutaway enlarged view of 
the three-dlmensfonal uHrasonlc scanner illustrating 
the atisorptlon of the unnecessary muftj-refiected 
ultrasonic waves by means of absorption material 
employed in this scmner; 

Rg. 7 is an exploded perspective view of an 
angle detector adopted in the three-dimer^onal 
ultrasonic scanner embodying the present Inven- 
tion; and 

Rg. 8 is a block diagram of the three-dimen- 
sional ultrasonic scanner in accordance with one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present inven- 
fion will now be de^ribed with reference to the 
accompanying drawings. 

Rg. 2 is a front sectional view of me three- 
dimensional scanner in accordance with on© pre- 
ferred embodfment of the invention. Rg. 3 is a 



sectional view of the scanner shown in Fig. 2, taken 
along a dash-and-one-dot line lll-lir shown therein. 

In Fig. 2, a scanner case 22 m which an 
ultrasonic scanner 20 Is encased has a contact wall 

5 24. which constitutes a bottom part of wall and is 
formed in d rather smooljh convex shape not to 
provide discomfort to the patient when contacting 
the scanner with the skin of the patieni. Meanwhile, 
as can be seen from Fig. 3, a grip portion 25, 

to which constitutes the upper portion of the scanner 
case 22. has a thickness thinnar m side elevation 
view tfian that of the lower portion of the case 22 
so as to provide an easy gripping possibility. 
In the inside of the scanner case 22. there Is 

IS provided a transducer untt 28 which is subject to 
swing action of a swing mechanism 26. 

As shown in Fig. 2. the transducer unit 29 is 
Shaped at Its lower bottom end into a convex, and 
an array transducer 30 is arranged mside of the 

20 end portion in parallel with the convex-shape pe- 
riphery. The array transducer 30 is composed of a 
plurality of transducer elements 30a which are ar- 
ranged in parallel with the convex-shape end sur- 
face 28A of transducer unit 28. 

9$ Although not shown, an acoustic lens is dis- 
posed at the convex end surface 28A for the pur- 
pose of preventing undesired and disturbing propa- 
gation of ultrasonic waves. Further, there is pro- 
vided a matching layer between the acoustic lens 

no and the array transducer 30, for proper matching of 
the acoustic impedance. Still hjrther. a backing 
layer Is provided at the rear of the array transducer 
30, 

Next, the structure and operaton of a swing 

35 mechanism 26 (or effecting a swing operation of 
the transducer unit 28 will be described hereunder. 

In the interior of the scanner case 22. there is 
provided a base 32 for dividing the mside space 
substantially into two parts. A pair of oppositely 

40 provided bearing members 34 are mounted on the 
base 32 for rotatabiy mountnig a support shaft 

The transducer unit 2& is suspended at the 
lower ends of two si^iportlng arms 38» while the 
upper ends of these arms 38 are securely fixed to 

45 the support shaft 36. 

Thus, as clearly be seen Irom Rg. 2. the 
transducer unit 28 iS suspended with mated to the 
support shaft 36 in such a position as directing its 
transmitting.recelving surface 2aA downwards or 

50 more specifically towards the non-iHustrated living 
body to bo examined. 

Upon the tiase 32 is disposed a motor, or a 
drive source, for swinging the transducer unit 28 
around the support shaft 38. In order to transmit 

5S the drive energy of the motor 40 to the support 
shaft 38. there are provided a gear section 42 
composed of a pluraPty of gears between the mo- 
tor 40 and the support stiaft 38. 
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As mentioned above, the swing mechanism 28 
comprises the motor 40, the gear section 42, the 
support shatt 3B and the suspensfon arms 38. 

With this mechanism, when the motor 40 rs 
energ]2ecl, th& transducer unit 28 can be swung s 
around thg support shaft 36 In a direction normai to 
the an'angement direction of the transducer ole- 
ments30a. 

Next, the operation of an angle detector 44 for 
detecting a swing angle of the transducer unit 28 fo 
will be explained hereunder. 

Thi^ angid detector 44 comprised a slit di3c 46 
fixed on the support shaft 3& and a photointenupter 
48. the one end of which emits light to produce a 
Irgm path whUe the other end of which counts tne 75 
number of tinges a given light has passed throtjgh 
ths slit disc 4€r 

This angle detector 44 is further illustrated in 
an exploded perspecthre view of Fig, 7 mon» spe* 
dficaHy. so 

It Y/rll be easily understood that by means of 
such angie detector 44» the swing angl$ Of the 
transducer unH 28 can be cc^stantiy detected. Fur- 
ther, ff necessery» thus obtained swing angte in- 
fomiation could be utilized for feedback control of ps 
the swing movement As a matter of course, the 
structun^ of the angle detector 44 cannot be limited 
to the aforemen^oned one but may be modified 
into c^er forms. 

t^xt, an explanation will be given to a coupHng 30 
medium bath 50 shown In Fig. 2. 

As illustrated, the coupling medium bath 50 is 
d'^sed In the Inner bottom part of the scanner 
case 22; or rnore spccHic^iy. the bath 50 is formed 
in a space between a partition membrane $2 and a 3& 
concave inner bottom surf^ 24A, being filled with 
an acoustic energy propagation medium. 

The outer periphery of the partition memt>r8ne 
52 is hemnetically attached to the Inner side wail erf 
the scanner case 22. and a substantial middle 40 
portion of the membrane 52 is adhered to ths 
overall surface of the ultrasonic beam 
transmltiing/^eoei\nng end surface 2aA. 

Thfe partition membrane 52 has a somewhat 
looseness as shown in Rg. 3 for allowing the swing 'is 
movement of the transducer unit 28. 

As a result, as has been mentioned* the space 
betv/een the psrti^on nrtembrane 52. and the con- 
cave inner bottom surface 24A is hermetically seai' 
ed. and the acoustic impedance matching rs mairn so 
talnsd by interposing the scousfic energy propaga^ 
tion medium therebetween regardless of what 
sv/ing angfe the transducer unit 18 takes and v^hat 
position the scanner is located in. 

Specifically, as is well Icnown, an ultrasonic ss 
beam causes considerable reflection at the bound- 
ary surface between matertels having different 
acoustic Impedances. Thereforoi v/ith the intorpo$i- 



tion of such a coupling medium bath 50. thcro is 
secured the acoustic pn^pagation of ultrasonic 
waves emanated from the beam 
transmitting/neoeiving end surface 2&A of the trans«- 
ducer unit 28 without ^r on the way of beam 
propagation path. 

The acoustic energy propagation medium may 
be poured into the bath 50 timugh an Inlet 54 
shown in Fig. 3. Altematlvely, this medium may be 
replaced with any liquid having an acoustic imped" 
ance similar to that within the living body, for 
example, water, oil, or the like. 

Refen'ing to Fig. 4, a description will now be 
given to a data acquisition area of three^dimension 
produced by the ultrasonic scanner 20 according to 
this invention. 

In Figs. 2 and 4i a scanning plane "S" of a fan- 
shaped two dimensional scanning area shown as 
shaded is obtained by an electronic scanning of 
the ultrasonic beam. tJior^ speciflcaDy, this elec- 
tronic scanning plane "S" has been realized In 
such a way that a plurality of transducer elements 
30a were sequentially dr'n/en one by one or si- 
multaneously in ^ural. 

As was described hereinbefore, by the use of 
the conventional uRrasonic scanner^ only two^- 
mensional scanning plane "3** is obtained as a 
data acquisition area. Accordmg to this invention, 
the fiwlr^ movement of tiie transducer unit 28 can 
be realized in a direction normal to the arrange- 
ment direction of the transducer elements 30a. or a 
direction normal to the scanning plane S. by means 
of the swing mechanism 26. whereby It becomes 
pos^ble to acquire echo data concerning the data 
acquisition area V shown in Fig. 4. 

More in detail, first echo data concerning a 
scanning plane S are acquired at a given angle, 
and then another echo data conceming the ecan- 
nlng plane S are acquired after tite scanning plane 
S has been advanced at a minute swing angle. 
Thnjugh the successive repetition of tite series of 
data acquisition operations. It Is possible to reafize 
data acquisition of all infomnation conceming tiie 
data acqui^tlon anea V. 

In addition, since tfie swing angle of each scan- 
ning plane S is constantly detected by the angle 
dstedor 44. it id possible to execute tite data 
acquisition by obtaining tiie accurate positional re^ 
lationship anrartg scanning planes. 

Next, tiisre is explained a multiple n:>flection 
ptienomenon of ultrasonic waves caused between 
tiie beam transmittingA^lving surface 2&A of tiie 
trartsducer unit 28 and the concave inner txmom 
surface 24A. 

Fig, 5 showa an exemplary phenomenon of tiie 
multiple reflection of ultrasonto waves for compsrar 
tive explanation. 

As Is obvious from Rg. 5. in case botii tiie 
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concave inner bottom surface 24A and the beam 
transmlttrng/receMng surface 28A liavg almost 
same curvature in the arrangement direction of the 
transducer elements, a iwrt of ultrasonic waves 
amanated from the transducer element 30a is once 
refiacted by the concave inner bottom surface 24A 
and is further reflected by the beam 
transmitting/receiving surfece 2BA. The repetition of 
such reflection phenomenon causes the multiple 
reflection of uttrasonic waves* As a result of this, 
the occurrence of noises in the acquired echo data 
causes the mainframe of the ultrasonic diagnosttc 
apparatus to produce an ambiguous Image. 

To avoid this problem, In accordance with the 
three-dimensional ultrasonic scanner, the shapes of 
the concave Inner bottom surface 24A and the 
beam transmftting/recelvlng surface 28A are de- 
signed, so that the curvature of the fonner be- 
comE)$ smaller than that of the latter. Namely, the 
shapes of the concave Inner bottom surface 24A 
and the beam transmitting/receiving surtace 28A 
are selected in such a manner that the radius of 
cunrature of the concave Inner bottom surface 24A 
is larger than that of the surface 28A. 

Moreover, upon the rnner eide wall of the cou- 
pling medium bath 50 is disposed an absorbing 
material se of uttrasonlc waves. 

With Ihfs structure, as shown In Rg. e» a part of 
ultrasonic waves emanated from the transducer 
element 30a Is reflected by the concave inner 
bottom surface 24A and is further reflected by the 
beam transmlttingArecelvIng surface 28A, and thus 
reflected wave is further reflected between two 
suriacea successively and lead to the periphery of 
the coupling medium balh 50. Finally, the reftected 
wave is absorbed by the uttrasonic wave absorbing 
material. 58. 

Accordingly, with this structure, the multiple 
reflection of ultrasonic waves Is effectively ellmi- 
nated, whereby it becomes possible to suppress 
the occurrence of noise in the acquired data as 
least as possible. 

As a preferred embodiment of the invention* 
the radius of cun/ature of the concave Inner bottom 
siffface 24A is 100 mm or ao, while that of ^ 
beam transmitting/receiving surface 28A is 60 mm 
or 50. It should be noted that the same result may 
be obtained If only the radius of curvature of the 
concave inner bottom surface 24A is larger than 
that of the beam transmitting/receiving surtace 28A. 
On this point, in accordance with the oxpariment. it 
is recognized thai, with this aforementioned stnic- 
hjTB. the multiple reflection of the waves was suc- 
cessfully eliminated with high efficiency. 

fn this embotf ment ^Hcon rubber is used for 
the foregoing ultrasonic wave absorbing material 
59. Furthermore, in accordance with this embodi- 
meni the ultrasonic wave absorbing material 56 is 
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disposed along the inner whole circumference of 
the lower pan of the scanner case 22 in order lo 
elinninate unnecessary ultrasonic waves by absorp- 
tion as much as possible. Incidentally, if the dif- 

s ference between the radii of curvature of the con- 
cave inner bottom surface 24A and the iDeam 
transmitting^ receiving surface 28A becomes exces- 
sively iargSi the twam emanated from the tjeam 
fransmitting.TCceiving surface 28A may be reflected 

10 too much by the concave inner txrttom surface 
24A. Therefore, it will be preferable to select the 
difference value of the two radii within t^^6 range 
suitable for the practical use. 

An operation switch 58 win now be described 

rs with reference to Fig. 3. 

As shown in Fig. 3. the operation switch 58 is 
pn^vlded on a gnp portion 25. This operation switch 
58 serves to start and stop the data acquisition 
action, and the operation of the switch 58 by the 

20 operator enables the data acquisition operation to 
be performed with ease. As an alteration, il may be 
possible to add further functions, such as a mo- 
mentary suspension of 5wir>g movement or the like. 
Thus, In accordance with tt^ three-dimensional 

25 ultrasonic scanner embodying the present rnven- 
tion. it is possible lo acquire data concerning a 
three-dimensional area within the living body with 
the ultrasonic wave scanner 20 kept m contact with 
the surface of the living body and without inclining 

30 or moving the scanner itself. 

Further it should be understood that li be- 
comes possible to execute the acquisition of highly 
accurate echo data with the appropriate propaga- 
tion of ultrasonic beam realized by the adoption of 

35 the coupling medium bath 50 and the ultrasonic 
wave absorbing material 56* 

A description of a backlash of the gear secfion 
will be given hereinbetow. 

To suppress the backlash at the gear section 

40 42, It win be preferable to exert compulsive force 
upon the transducer unit 28 In either of the swing 
directions by means of the spring, for example. 

Further, as an example for reference, there will 
be described the operation of one exemplary ultra- 

45 sonic diagnostic apparatus capable oi displaying 
three-dimensioned images adopting the three-di- 
mensional scanner in accordance vmh the present 
invention. 

The ultrasonic diagnostic apparatus shown m 
69 Rg. 8 comprises me three<limensional ultrasonic 
scanner 20 and a mainframe 1 00 of the uttrasomc 
diagnostic apparatus for processing data acquired 
and displaying images obtained therefrom. 

A controller 102 incorporated in the mainframe 
55 100 controls readwrite of data into a ihree-dinnen- 
sional memory 108 described later as well as con- 
trols a swing mechanism 2$ of the scanner 20. 
At tfie controller 102 is supplied an angle de- 
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tection signal fifom ^ angle detector 44 as well as 
is inputted an operation signal from the opersdion 
switch 58. Th9 conJrftll^r 102 controls the awing 
mechanism 28 In response to these signals. A 
transmitter 104 servos for supplying a transmission s 
signal to the array trsnaducer 30, and the operation 
tliefecf id controlled by the controll5>r 102. 

A receiving signal from thd array transducer 30 
Is Inputted to a recsiver 106. This receiver 106 
perfonna amplification and detection of the recelv- to 
Ing signal, and a processed signal Is then deliverod 
to tho three-dimensional memory 108, 

This Ihree-dimonsionai memory 108 serves for 
storing echo data concerning the three-dimensional 
data acquisition area V shown in Fig, 4 in such a jjs 
manner that the three-dimensional position of the 
echo data corresponda to each address in the 
memory. Writing of the echo data in the memory is 
controlled by the controller 1D2 in response to the 
angle ergnal from the angle detector 44. so 

The echo data stored In the thre&^limen^nal 
data memory 108 are successively read out and 
inputted into a three-dimensional image processor 
110. This threS'dimengional image processor 110 
serves tat executing the image processing fbr ste^ £5 
reographteany displaying images on the basis of 
the echo data concerning the threenjimensional 
area within the living body to be examined. 

Thus fonwd three-dmensional images are in 
consaquence transf^ned to a CFlT 112, and is so 
displayed In image. 

Therefore, by the use of the ultrasomc (Sagnoe- 
Sc apparahis embodying the present invention, it 
can be seen thai It Is possible to observe the state 
of target objects such as affected orgmts steio> 9s 
graphically fnom the Images obfalnedi thereby im- 
proving the accuracy of the medical diagnosis- 
it v/fll bo appar^Tt that many modifications and 
variatiore may be effectad without departing from 
the scope of the novel concepts and teachings of -lo 
the present InvenGon, Three-dimensional ultrasonic 
scanner for acquiring data concoming a thn»-di- 
mensional area a living body to be exam- 
ined. In the Insde of a scanner case Is enc^ed sm 
anay transducer unit Further, at the end bottom 4S 
portion of the transducer unit there is provided an 
an-ay transducer composed of a plurafity of trans- 
ducer etements anranged in line one alter another. 
The electronic scanning of this array transducer 
produces a tivo-dimsnslonal scanning ptene. in ad- so 
difion, a sv/lnging mechanism Is provided for rrte- 
chanicaliy swinging the transducer unit in a direc- 
tion normal to the arrangement direction of the 
transducer elements. This mechanical svring move- 
ment of the transducer unit shifts the tr^o-drmen- sq 
sionai scanning plane to a direction noonai thereto, 
mereby fonntng a three-dimenalonal data aoqulsi- 
lion area wittiin the Dving body. Here, a swing 

'R(»fDATS8»0064:26:54PM [Eastern DayO^ 



angle of the transducer unit Is detected by an 
angle detector. 

CIdlms 

1. Thrde<limensidnai ultrasonic scanner, compris- 
ing: 

(a) a scanner case; 

lb) A transducer unit encased in said scan- 
ner case, and comprising an array transducer 
composed of a plurality of transducer elemants 
arranged at an end portion thereof; 

(c) a swing mechanism for swinging said 
transducer unit in a direction nomnal to the 
scanning piano produced by the electronic 
scanning of sard array transducer: and 

(d) an angle detector for detecting a swing 
angle of said transducer unit. 

2. Three^imensional ultrasonic scanner accord- 
ing to claim 1, wherein a coupfing medium 
bath filled with acoustic energy propagation 
medium is fornied inside of said scanner case, 
whereby said acoustic energy propagation me- 
c^m is interposed at least between the end 
portion of said transducer unit and an inner 
bottom surface of said scanner case which 
faces to a surface of the end portion of said 
transducer unit thn^ugh which ultrasonic waves 
are Iransmittedi^recdived. 

a. Three-dimen^nal ultrasonic scanner accord^ 
ing to claim 2. wherein said scanner further 
comprising a flexible partition membrane, the 
outer peripheral portion thereof being hemnetl- 
cally attached to an inner side wall of said 
scanner case and a middle portion thereof 
being attached to the end portion of said trans- 
ducer unit, and said coupling medium bath is 
fonmed m the space between sa'd partition 
nnembrane and said inner bottom portion of 
said scanner case filled with said acoustic art- 
ergy propagation medhim. 

4* Three-dimensbnal ultrasonic scanner accord- 
ing to claim 3, wherein said partition mem- 
brane has a degree of looseness enough to 
allow said transducer unit to effect a swing 
operation. 

S» Three-dimensional ultrasonic scanner accord- 
ing to dalm 3. wherein the end pordon of said 
transducer unrt is fabricated into a convex 
shapo and a plurality of said transducer ele- 
ments ane arranged one after another in par- 
allel with the convex eno surface of said tranS' 
ducer ur^ 
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6. Three-dimensional ultrasonic scanner accorcf- 
ing tQ claim 5, wherein the inner bottom sur- 
face of said scanner case i$ formed into a 
concave shape. 

5 

7, Three-dimensional ultrasonic scanner accord- 
ing to claim 0, wherein a curvature of the inner 
bottom surface of said scanner case In a direc- 
tion in which said transducer elements are 
arranged Is smeller than that of the end portion io 
of said transducer unit in said an'angement 
direction of said transducer elements. 

& Three-dimensional ultrasonic scanner accord- 
ing to claim 7, whereiri material for absorbing i$ 
ultrasonic waves Is disposed on the inner side 
wail of said scanner case. 

9l Three^imensional ultrasonic scanner accord- 
ing to claim 8, wherein at least one operation 20 
switch is provided on the upper portion of said 
scanner case wall for effecting a data acqulsi- 
tion operation. 

10. TTiree-dlmenslonai uttrasonic scanner accord- «5 
ing to claim 5» wherein sadd swing mechanism 
comprises at least one drive motor end one 
gear section composed of a plurality of gears. 

11, Three-dimensional ultrasonic scanner accord- w 
Ing to claim 10, wherein said transducer unit Is 
suspended from a supporting shaft disposed 
across the Interior space of said scanner case 

by meana of a plurality of suspension arms 
mounted to said transducer unit ^ 
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FIG. 3 
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